Molecular insight into conformational transformation of human glucokinase: conventional and targeted molecular dynamics.
Glucokinase (GK) plays a key role in the regulation of hepatic glucose metabolism. An unusual mechanism of positive cooperativity of monomeric GK containing only a single binding site for glucose is very interesting and still unclear. The activation process of GK is associated with a large-scale conformational change from the inactive to the active state. Here, conventional and targeted molecular dynamics simulations were used to study the conformational dynamics of GK in the stable configurations and in the transition from active to inactive state. Three phases of the structural reorganization of GK were detected. The first step is a transformation of GK from the active state to the intermediate structure, where the cleft between the domains is open, but alpha helix 13 is still inside the small domain. From this point, there are two alternative paths. One path leads to the inactive state through the release of helix 13 from the inside of small domain to the outside. Other path goes back to the active state. Simulation results reveal the critical role of helix 13 in the transformation of GK from the open state to inactive one and the influence of the loop 2 on the protein transformation between the open and the closed active states. Principal component analysis and covariance matrix analysis were carried out to analyze the dynamics of protein. Importance of hydrogen bonds in the stability of the closed conformation is shown. Overall, our simulations provide new information about the dynamics of GK and its structural transformation. Communicated by Ramaswamy H. Sarma.